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ABSTRACT 

We fiundM artnary [nds rf we metahoBtss or Sic wn aM pdfe 
hmg eoretoogt® 4-Ctaothylnt trrouai v») - l-p-pyridyO-l-b p tvwv (NSC) 
in people who bad trapped wnnfciajF a^jMUryfciinnsatnjrroyi-CVpirulyl}' 
l-teutwaol CNNAL) end let P-g hr mi rfr, 4^famrhylnlhnro »jJw a)-l-P- 
prridyl)but-l-yt]-^vJ-c -glnoKid add (NNAL-GIae). rwrniT^scven 

people completed die study. Thirteen osed U» nketiM patch roudog at 
the qoit dote, whereas tbe others used po pooch. Tw= 4*-h orteae maple 
collected ad J eoosecvtzva days brfhee tmokina Cent Mien; blood was 
also obtained. Tjtqp-ctog at ddr quit date, nhjixn pnnW«i Wi tdoe 
sappleK on days 7,41,42, 70. W, and 124. and some wbjccw alaO ptwtided 
eueplei at later dates. The otitw was axiafanad be NNA1, KMtl-Giuf, 
nC-ntin. pdas m ^V^.lunm>aMB. and eotlfutte plttf cutiiirte^ glactl- 
-amide- Some blood tempi™ were ate* analysed brNKAL-lhcdedaKof 
rtoary NNAL and NNAL-dw after Booking eessalinri was owe* slower 
tf pm expected. This Was dndy tluamintfil fey atfipedail Ttilk m idst 
and tucaitbe levels la urine. One week after smoking ccsaadoo, HSS of 
baseline NNivL plot NNAJL-Clec au to ec ta) in arils-, eluttv n» 
comspandioe valaot tar mrininr and nicotine were Id and [13%, ctspcs-. 
Utely. Emu 6 weeks after ovarian, 73% <C Ibfi original lewis at NNaL 
plot NNAL-CUic raexln+L la wane Mbteslt, KMAL plot NNAL-Out 
wetc detected 231 days alter KfflliX- The tflstribniioo toil-tire for 
»’Al- and NNAImGfuc war 3-4 days, whereas the elimination Uatf-Uie 
was 40-05 days- T«C*I Irady clearance of NN-vI, was pinnated «* be 
did X 354 odAmB, and Volume id ilistrihotlott in tin jE-phaic »a 
tsdmaied Is ha3SOO s 4100 liters, ladhatlag «tr*WKhll aMribndo" into 
the lisriwc Parallel tOwttcs in. rats (rooted chronically « acutely with NNK 
In the driddng water tvpport the canduscop that NNAL teas A Urpc 
vetnype e£ duutbudoa. Ttowv= was ao tged of the bLoitua patch an kwh 
of NNAL phis NNAL-duc, tewhollng that W(K is not Ibrmed endqe- 
ecoinly from idaniae. The resaMs el this acudy demoneinde that NNAL, 
jnJ KNaL-G1«c arc slowly cleared from the body after smoking cessation, 
IndicaCias the pttswa of a Uclofliiiiiy awputa«t where NNK, 
NNAL, wid/or NNaL-GIoc are retained or sequestered and siawiy re¬ 
leased. 

INTRODUCTION 

In this study, we quantified two metabolites, NNAX- r> and NNAL- 
Giuc, of the tobacco-specific lung carcinogen NNK in the urine of 
people who had stopped smoking ford months. NNK is believed to 


vadan and dottvti&codoii of NNK exist in rodeate and hitmans, al¬ 
though there am tjuaptiElive differences (I). Major pathways of NNK 
metabolism Me teoiQipanzad in Rg. 1 (1). hi rodents and humans, 
NNK is rapidly metabolized to its carbonyl reduction product NNAL, 
which is also a. pulmonary carcinogen in rats and. mice. NNaL is 
G-gluairooidatcd to giro NNAL-due, which is exacted in urine, 
Urinary NNAL and NNaL^GIuc arc cctteCIlaK bionurkers fog NNK 
uptake in emokers and in people exposed to envircnnsaual tobacco 
amoks CD. NNK itself is not defected in Urine du* to its extensive 
metabolism- Both NNAL and NNK undergo cosrabolic hydttnylaQoa 
at the carbons adj ace n t to tbs nitre&a irrin p nitrogen. These cytochrome 
E'45&-catalyzed a-hydrcxylHdoa teacdoas generate intsonediaces that 
react inch DNA. canning pomaneol mutatioos associated with tumor 
induction (1). 

LiiUe is known about the excretjoo of catcioogcns sod ether lo- 
banco smoke oonsdments after sntflaag ctouatroq. Two studies ex¬ 
amined the decrease of 4-aminobiphenyl hcmaglobiu adducts after 
vithdixwal ifotli. smoldng; the dacline was faster th on pindicicd, based 
cm the lifetime of the red cell (4.5). Polycyclic aromatic lrydjocntban- 
DNA adducts in leukocytes, as determined by jaummoaassy, also 
deceased after stcokiag cersatioa (5). Other indicators of PNA 
danwco, BUch HI glyooptiorin A imicarions or BPDE-DNA adduct 
ajldbodies, were unaffected by cessotioo (S. 6), Among urinary con¬ 
stituents related to smoking, only 8-oxodccccyguanosloc end cotinino 
appear to have been studied. 8-Oxodeoxyguanosiuc:, a product of 
oxidative damage by cigaieae jtncfee, decreased by 21% 4 weeks after 
ce ss a tio n CD- Urinary cotirune, a. uujoc mesabotiic of pjenrinc. is 
reported to haws a half-life of 163 h after cassation (*). NNK and 
NNaL ire lonichrtaOy related to nicotine and cotininc. On this basis 
alone, one would expect fairly rapid dinjinedon of NNK metabolites 
after smoking caaiicn. However, oar prrJiioiretry dab tuggoyted that 
this was hot the case. Therefor*, we investigated the persistence of 
NNAL and NNAL-Glue in people who had quit smoking. As me 
results will show, (hoy Were far more persistent than cither nicotine or 
cotiikiuc. suggesting that NNK or NNAL was slowly eliminated from 
the body. 

MATERIALS AND METHODS 


play a significant role as n cause of lung cancer in nookss (1-3). 
NNK is a potent pulmonary carcinogen in rodents, inducing adsno- 
cmcinoma of me lung, independent of tiro route of administration (1). 
Hie lowest total doses of NNK that can produce lirug mmoia in raes 
arc similar to diti lifetime total dose of NNK in « smoker (1), 
Biochemical studies indicate that (he same routes of metabolic ami- 
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Seedy Ckcign. Tb* study w ®3 approved by the University of Minncska 
Research Subject]' Pietaettoo Progeaias Inttitubanal ReVset* Borod Human 
Scbjeec CotacTvinre. The study design is summarized In Hg, 2. Smoked were 
tvetuitad through ncwjpaper ndvmtitameflti Said local prase ra U titi. Sabje ec s 
were initially softened over the id^bonc. Tkey max bsve smoked at least IS 
cig*t«s» pa- day for the past year. Potential juhj&aa ware icfceduled for a 
vsKsening *isiL K the Uaivefsrty of Mnbcrota Tobacco Research Proecams 
clinic. At the screening visit, they filled out a questionnaire neardiag 6i«r 
smoking hisitny and completed x medical history form. Smcirng sums was 
confumed by salivary cotiainc and expired CO. Subjects were excluded if they 
had any eutran moiieal ronditMo. used prescribed medication!, or bod « 
psychiatric diacaosis. Qualified wilfectt umked normally feu* 7 days prior to 
tii=ir quit date. Two J4-* udae umpUa wsro ooileuad on 7 atmaecuUvs toys 
duTing Haas period and analyzed £or nkutioc, coUnloe, NNAL, and NNAL- 
Gluc. Elwvti idBpks wsn also obuiaed. Subjects topenesl (o atudy slime 
on the evening before their quit date. Data wett, coftecaod on vital 
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